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Abstract — A double pot technique experiment was 
conducted to determine the nutrient supplying capacity of 
five acid soils planted with  three vegetables such as 
cabbage (Brassica oleracea), maize (Zea mays) and tomato 
(Solanum lycopersicum L.). The soils used in the study 
were taken from Kibangay, Bukidnon; Mapayag, 
Bukidnon; Kapatagan, Davao del Sur; Claveria, Misamis 
Oriental and Cabintan, Leyte representing the acid soils  of 
southern  Philippines planted to vegetables. Results of the 
nutrient omission trials showed that the three vegetables 
tested have varying responses to five different soils as 
affected by nutrient availability. In most soils, regardless of 
vegetable planted, nitrogen (N) availability was the most 
critical nutrient affecting vegetable production followed by 
phosphorus (P) in the case of Cabintan and potassium (K) 
for Mapayag, Kibangay, Kapatagan and Claveria, 
respectively. This valuable diagnostic tool offers a cheap 
and simple method of assessing the nutrient supplying 
capacity of the various soils tested. 
Keywords — acid soils, nutrient supplying capacity, 
vegetables, southern Philippines, double pot technique 
 
 
I.  INTRODUCTION  
One of the problems affecting vegetable production 
in the Philippines is the lack of knowledge on the nutrient 
supplying capacity of the soils due to the absence of soil 
test results which the farmers can refer to before planting 
their crops. This often results to improper nutrient 
management which would either lead to an oversupply or 
under supply of nutrients. In assessing nutrient 
constraints, it is important to know the benefits and 
limitations of the technique to be used; and proper 
application and implementation of management practices 
should be considered so that the problems of the soils can 
be amended [1]. 
The double pot technique developed by Janssen [2] 
[3] according to Lisle, Lefroy and Blair [4] allows the 
assessment of soil fertility in a short period of time. It is a 
valuable tool for research purposes as it doesn’t need 
ample amount of soil and considerable space. The 
developed nutrient solution was based on the “missing 
element principle” where the absence of nutrient or group 
of nutrients in question from the solution may be 
indicative of nutrient deficiency in the soil. Hence, the 
deficiency and importance of nutrient can be rapidly 
assessed for different soil types [4]. 
In this study, different soil samples from five 
different vegetable growing areas in southern Philippines 
were assessed using the double pot technique to identify 
the limiting nutrient; establish critical limits for N, P and 
K; and relate relative yield of target crops to available 
soil N, P and K contents. 
 
II. MATERIALS AND METHODS 
Five sites identified as the major vegetable producing 
areas in the southern Philippines that were chosen for the 
soil fertility assessment [5]: Kibangay and Mapayag, 
Bukidnon; Kapatagan, Davao del Sur; Claveria, Misamis 
Oriental and Cabintan. Soil samples were collected at 0-
20 cm and about 1-kilogram representative soil sample 
from each site was air dried, pulverized and passed 
through a 2 mm sieve for soil analysis.  
The double-pot technique used in this experiment 
was patterned from the study of Lisle, Lefroy and 
Blair[4]. About 300 gm soil that passes through a 2 mm 
sieved were placed inside the transparent plastic pot 
specialized for the double-pot technique (Fig 1). The 
apparatus consists of two polypropylene food containers 
where the rim of the top container rested on the rim of the 
lower container. Dimensions of the upper container were 
115 mm width x 40 mm height with a 6 mm hole pressed 
out in the centre of its base to accommodate the absorbent 
wick.  The lower container was 115 mm width x 100 mm 
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TABLE I. INITIAL SOIL ANALYSIS OF SOIL SAMPLES USED IN THE STUDY 
Sites Soil pH N (%) Organic C (%) Avail P (mg/kg) Exchangeable Bases (cmol/kg soil) CEC (m.eq./100g 
     K Na Ca Mg  
Cabintan 5.44 0.58 6.53 5.36 0.73 0.21 0.92 0.25 33.58 
Mapayag 5.43 0.47 7.19 4.06 0.17 0.03 1.91 0.13 23.92 
Kibangay 5.80 0.12 3.22 28.12 0.68 0.03 4.47 0.48 17.25 
Claveria 6.07 0.20 2.29 10.87 0.22 0.02 4.01 0.25 13.80 
Kapatagan 5.45 0.15 2.54 10.50 0.88 0.07 3.13 0.44 21.05 
 
 
 
 
 
 
TABLE II. CRITICAL LEVELS OF NUTRIENTS FOR VEGETABLES [6] 
Parameters Low Moderate High 
Soil pH, water 5.5-6.0 6.0-7.5 >7.0 
Organic C, % 2.0 4.0 >5.0 
Total N (%) <0.2 0.2-0.3 >0.5 
Bray No. 2 P (mg/kg) <10 10-20 20-30 
Exch. K (mg/kg) 40-80 80-120 120-160 
 
height and was covered with aluminum foil to avoid light 
penetration and algal growth.” 
Figure 1 
 
The various levels of nutrients used in the nutrient 
omission trials followed the levels established by the 
modified Janssen method [3]. Three test crops were used 
in the study namely cabbage, tomato and corn (Fig 2).  
Growth and yield parameters such as plant height, 
number of leaves and leaf area and dry matter yield were 
gathered on a weekly basis. The test crops were allowed 
to grow until vegetative stage at exactly one month after 
treatment.  
 
 
Figure 2.The double-pot technique set up using three vegetable 
crops (A. Cabbage (Brassica oleracea), B. Maize (Zeamays) and C. 
Tomato (Solanum lycopersicum) in the southern Philippines. 
 
 
III. RESULTS AND DISCUSSION 
The initial soil analysis from five different sites used 
in the study showed deficient in nutrients such as N, P 
and K (Table 1). Based from the critical levels of 
nutrients needed for vegetable production [6], the soil pH 
from Cabintan, Mapayag and Kapatagan were very low 
or strongly acidic while Kibangay and Claveria sites were 
low (moderately acidic) to moderate (slightly acidic), 
respectively (Table 2). Nitrogen was high in Cabintan 
and Mapayag, moderate in Claveria but low in Kibangay 
and Kapatagan. For phosphorus, it was low in Cabintan 
and Mapayag, moderate in Claveria and Kapatagan but 
high in Kibangay. For potassium, it was high in Cabintan, 
Kibangay and Kapatagan, moderate in Claveria but low 
in Mapayag. This result showed that soils from different 
sites have different nutrient status and this was 
manifested on the growth performance of crops planted. 
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TABLE III. DRY MATTER YIELD OF CABBAGE AS AFFECTED BY DIFFERENT NUTRIENT OMITTED 
43  Treatment 44  Cabintan 45  Mapayag 46  Claveria 47  Kapatagan 48  Kibangay 
49  All 50  7.650 a 51  9.725 a 52  9.375 a 53  7.700 a 54  12.15 a 
55  -N 56  2.225 b 57  2.350 d 58  1.350 c 59  1.000 c 60  1.70 c 
61  -P 62  5.950 a 63  6.250 c 64  9.150 a 65  4.725 b 66  11.10 ab 
67  -K 68  7.125 a 69  7.175 b 70  7.575 b 71  5.050 b 72  10.60 b 
73  -All 74  1.875 b 75  2.725 d 76  1.225 c 77  1.025 c 78  1.70 c 
79  CV % 80  34.88 81  8.02 82  10.02 83  36.68 84  9.86 
Means with common letters and those without any letter designation are not significantly different at 5% level of significance based on LSD. 
 
 
 
 
 
 
 
 
 
 
A. Plant growth performance and nutrient supplying 
capacity of the soil 
The growth performance of cabbage was affected by 
the omission of N in the plant system across the five sites 
(Fig 3). This was indicated by the low relative yield of 
cabbage as compared to plants without P and K. The 
Kapatagan and Kibangay sites had low relative yield with 
the omission of N, which was supported by the low N 
content of the soil based on the soil initial analysis (Table 
1). This indicates that the soil indeed cannot supply the N 
nutrient needed by the crop, thus making it the most 
limiting nutrient for plant growth. The absence of P and K 
did not significantly affect the growth performance of the 
crop. Though it was missing, the soil can still supply the 
amount needed by the crop for plant growth. For maize, N 
was the most limiting nutrient having low relative yield as 
compared to P and K (Fig 4). Of the five sites, Cabintan 
soil had low yield in the absence of P. This low P 
availability was attributed to the volcanic origin of the soil 
wherein P-fixation is high [7]. For tomato, N was also the 
most limiting nutrient followed by P and K, respectively. 
This was clearly exhibited in the Claveria site, wherein N 
was the most limiting as shown by the low yield of tomato 
(Fig 5). This finding was supported by the study 
conducted by Mercado, Tulin and Dorahy [8], wherein the 
growth of tomato was more influenced by the level of N 
when P and K were not limiting. 
The dry matter yield of the three crops was 
significantly affected by the limiting nutrients (Table 3, 4 
& 5). In addition, the limiting nutrients also affected 
plant growth parameters such as number of leaves and 
plant height (data not shown). It is very interesting to 
note that the absence of N in cabbage and maize showed 
the same significant effect when all nutrients were 
omitted indicating the critical role of N in the 
development of the crop. As for tomato, N was not that 
critical for plant growth compared to cabbage and maize 
though the omission of N tremendously affected the dry 
matter yield of the crop. 
 
Figure 3.  Relative yield of cabbage from five different sites as 
affected by the absence of one primary nutrients 
TABLE IV. DRY MATTER YIELD OF TOMATO AS AFFECTED BY DIFFERENT NUTRIENT OMITTED 
 
1  Treatment 2  Cabintan 3  Mapayag 4  Claveria 5  Kapatagan 6  Kibangay 
7  All 8  12.80a 9  16.5 a 10  14.27 a 11  16.15 a 12  13.27 a 
13  -N 14  3.30 b 15  5.025 c 16  3.25 c 17  5.20 d 18  3.375 b 
19  -P 20  5.00 b 21  8.00 b 22  8.05 b 23  9.75 c 24  6.025 b 
25  -K 26  5.12 b 27  8.80 b 28  8.07 b 29  14.05 b 30  12.500 a 
31  -All 32  2.375 b 33  3.47 d 34  3.22 c 35  2.825 e 36  3.900 b 
37  CV % 38  5.10 39  9.25 40  9.26 41  8.11 42  23.35 
Means with common letters and those without any letter designation are not significantly different at 5% level of significance based on LSD. 
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Figure 4.  Relative yield of maize from five different sites as affected by 
the absence of one primary nutrients. 
 
 
 
Figure 5.  Relative yield of tomato from five different sites as affected 
by the absence of one primary nutrients. 
 
Generally, it has been established that there is a good 
relationship between the concentration of a nutrient in a 
crop and the growth yield of the crop [8]. This can be 
seen on the yield response curved of different vegetables 
versus the mineralizable N, P and K in the soils (Figure 
6, 7 and 8). For N, it is strongly related as shown by the 
highest regression value as compared to P and K. Again, 
this signifies that N was the most limiting nutrient if not 
the most needed nutrient for plant growth and 
development. 
 
Figure 6. Yield response curved of vegetables vs. mineralisable N in the 
soil 
 
Figure 7. Yield response curved of vegetables vs. available P in the soil 
 
 
Figure 8. Yield response curved of vegetables vs. available K in the 
soil. 
 
 
 
IV. CONCLUSION 
The assessment on the nutrient supplying capacity 
of the soil need not be expensive. This was proven on the 
study conducted by Lisle, Lefroy and Blair [4] which has 
been tested and confirmed in this study. Results showed 
that the three vegetables tested have varying responses to 
five different soils as affected by nutrient availability. In 
most soils regardless of vegetable planted, nitrogen (N) 
availability was the most limiting nutrient affecting 
vegetable production followed by phosphorus (P) and 
potassium (K), respectively. With this set-up, the 
suitability of vegetables in southern Philippines was 
determined and the limiting nutrient for vegetable 
production was assessed. This valuable diagnostic tool 
offers a cheap and simple method in assessing nutrient 
supplying capacity of the soil. 
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